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SHORT TECHNICAL DISCUSSION

The availability of abandoned and newly drilled wells within the
southern California Uplift is an important resource which has been ex-
ploited by the University of Séuthern California. A group of particularly
desirable wells has been refurbished and prepared for downhole instrumentation,
for the detection of acoustic emissions, electrical and RF emissions, water
Jevel and turbidity, and subsurface temperature. We are cooperating with
the USGS (Zoback) to instrument a 4000 foot well to be drilled along the
San Andreas fault near Palmdale. A1l instruments have undergone final
assembly and haye been evaluated in terms of performance criteria. We are
presently awaiting delivery of specially fabricated cable assemblies for
continuous deployment of downhole packages. Ten holes ranging in depth
from 600 - 6000 feet in a variety of geological environments from the back-
bone of our subsurface monitoring program. We regard this program as a
preliminary step in the instrumentation of deep drill holes along the San
Andreas fault and in other seismically active areas.

Weﬁregard our work to be especially pertinent to an analysis of strain
in the Palmdale uplift and the search for precursors to earthquakes in
southern California. The deep wells are centrally located with respect to
the recently reported strain anomalies near Palmdale (eg. Savage, ARIES,
etc.). Finally, the program is an important complement to our Dalton Tunnel
Geophysical Observatory and proposed studies of regional tilt in the western
Mojave region.

This technical report summarizes the work on this project performed
under USGS Contract #14-08-0001-16745. The work is continuing on USGS
Contract #14-08-0001-18383.



RESEARCH PROGRESS

A. Deep Wells

During the first two yearé of its deep hole recovyery program, the
23 holes (Fig. 1) listed in Table 1 have been secured by U.S.C. for use
in deepwell research. Previous U.S.C. Technical Reports described the
methods used in securing and preparing these sites, and the geological
parameters of each site. Working depths as of 2/1/80 are given in column 4
of Table 1. Figure 1 shows the distribution of wells along both sides of
the San Andreas fault, and their relationship to the Palmdale uplift. As
all of these holes cannot be utilized by U.S.C. on a full-time basis;
selected holes are being made available to other scientists for downhole
experiments. Table 2 shows the research efforts underway at each site.

B.  Program Results

Our program consists of the following major research efforts:

(1) Groundwater radon-chemistry measurements

(ZY Acoustic emissions detection

(3) Piezoelectric studies

(4) Comparative magnetometer studies

(5) Water level-turbidity-temperature measurements

(6) Well permeability

Much of the specific instrumentation and design of these projects
have been discussed in our earlier progress reports. The following

sections report on the current status of research efforts.






TABLE 1

U.S.C. Deep-well Research Sites

Name Latitude Longitude Depth Lithology
Skelton 34%42'N . 118°31'W 3150 Granite

Del Sur 34939'N  118°14'W 2300 Sediments
Virginia Lee 34°30'N 117°49'W 1100 Sediments
Chief Paduke 34°30'N 117°59'W 1200 - Fault Gouge
Pratty 34°31'N 118°17'W 900" Granite
Ritter #1 34°36'N 118°15'W 150" Fault Gouge
Ritter #2 34°36'N 118°15'W 350" Fault Gouge
Handley 34925'N 117935'W 5500 Sediments, granite
Haskell 33°%7'N 117°03'¥W 3180 Sediments
Brady 34°70'N 115956 "W 1350 Sediments
Fairmont 34°46'N 118927'W 650" Sediments
Roy Christenson 34932'N 118°02'W 1100° Sediments
(Palmdale #1) .

Wright-Kovaleski 34°31'N 118°21'W 0' Granite
Paradise #1 34934"'N 11891 'W 1150 Sediments
Paradise #2 34°34'N 118%41'W 875! Sediments
SB-2 34915'N 117°19'W 1510' Granite
LH-1 34°44'N 118°23'W 710" Granite
LH-2 34°41'N 118°26'W 1200" Granite
LH-3 34939'N 118°29'W 1200 Granite
LV-1 34°37'N 116%43'W 2300 Granite
Roberts 34°38'N 118°20'W 600" Fault Gouge
Zoback 34°28'N 117951 "W 4000'* Granite
Shandon Hills 34910'N 117°20'W 700" Schist

*Not yet drilled

1% .
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TABLE 2

Deep-Well Site and Instrument Deployment

" Water-Level!?

Air-Gun Acoustic  Temperature Electrical
Stacking Emissions  Turbidimeter Emissions
X X X X
X X X
X X
X X
X
X
X
X X X
X X
X X
X
X X
X]
Xl
X
X X
X X X
X X

'0nly temperatures to be measured in these cased holes.

Seismometer

Package
X

X

Radon kater
Chemistry
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GROUNDWATER CHEMISTRY

The following have been accomplished during the previous year:

1) Monitoring of radon and gfoundwater chemistry has been initiated in
two deep wells, Fairmont and Virginia Lee.

2) The concentration of ionic constituents in samples from the U.S.C.
radon network versus time has been extended for the Seminole Springs,
Arrowhead Springs, and Big Pines sites.

3) Analyses to date have been synthesized. The synthesis forms the next
portion of this section.

Recent studies by Russian, Chinese, and Icelandic groups (reviewed by
Teng, 1980) have suggested that the radon concentration in groundwater may
increase prior to earthquakes, and thus radon may serve as a precursory
signal for seismic events. The mechanism (or mechanisms) responsible for
such increases has not yet been elucidated, but several factors which may
play a role haye been discussed by Tanner (1979). They include: (1) an
increasg in the surface area/pore volume of rocks near the source area,
resulting in increased radon emanation per unit volume of pore fluid,

(2) the response of groundwater flow patterns and flow rates to either

fracturing of strain accumulation, and (3) the response to enyironmental

phenomena such as rainfall, temperature, and atmospheric pressure fluctuations.

As such we have monitored certain chemical constituents together with radon

concentration in one well and three springs (Table 3) in southern California.

Water chemistry should be sensitive to flow patterns as waters from different

horizons mix.



TABLE 3

ARP Well (AR) - near Sierra Madre fault in sandy soil underlain
by crystalline rock. Samples taken from a wellhead pumped by the
Metropolitan Water District.

Arrowhead Springs (AS) - in the San Bernardino Mountains near San
Andreas fault in crystalline rock. Samples taken from a pipe which taps
a hot sprina (T = 74%).

Bic Pines (BP) - in the San Bernardino Mountains, within 1 km of
the San Andreas fault zone, in sandy soil underlain by crystalline rock.
Serples are cdrawn from well-head of a pump which periodically supplies
water for the Big Pines campground.

Seminole Hot Springs (SH) - in the Santa Monica Mountains in sandy
soil underlain by sedimentary rocks. Samples (T = 40°) are drawn from

the outlet jet of a pump which supplies water to a pool.



Ten sites have been monitored for radon over periods from one to
three years (Figure 2). Thesé sites were selected for their proximity
to major faults, coverage of a wide geographic area, and suitability of
sampling. Duplicate radon samples are collected by volunteers in the
field and either mailed or hand carried to U.S.C. Sample bottles are one
lTiter aluminum bottles fitted with inlet and outlet tubes. Bottles are
filled either by evacuating the container and drawing water with the
vacuum or by slowly filling an unevacuated bottle through a tube inserted
to the bottom of the bottle. Radon is measured in the laboratory using
standard techniques described elsewhere. The water remaining after radon
extraction is stored in acid-cleaned glass bottles for later analysis of
cations and anions.

Four of the radon sites were selected for time-dependent cation-(Na+,K+,C a+)
and anion (C17) analysis, on the basis of the behavior of radon and the
Tocatia; of the sample site. Calcium showed considerable variability with
time, probably due to CaC0O; precipitation during radon analyses, and these

data are of little value. Potassium variations were essentially the same

as those observed for sodium.
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FIGURE 2. Index map of southern California wells and springs with

long-term radon records are located by triangles and identified

by code letters. Stations discussed in detail are solid triangles.
The epicenters of significant earthquakes occurring within the
monitoring period are also shown. Dashed lines trace the San
Andreas fault zone (SA), San Jacinto fault (SJ), Garlock fault

(GA) and San Gabriel fault (SG).

FIGURE 2



Data from the four sampling sites are shown in figures 3-6, along
with pertinent environmental variables. Seismic events are indicated by
arrows. The likelihood of strain accumulation influencing a particular
site will depend on geo]ogicai and hydrological factors. The probability
of observing a radon anomaly prior to an earthquake might be proportional
to the strain energy released and inversely proportional to the area over
which strain energy is accumulated. Directional factors are probably
importart also. As a qualitative index of the probability of observing
a seismically induced radon anomaly, the following probability function

was used:

exp (3.4 M)
1000 R<

P =
where M - earthquake magnitude (Richter scale)

R - separation of monitoring site and epicenter (km)
Numerical values of this function were calculated for all earthquakes
(M > 3¥§) in the study area. The largest value observed was at Semincle
Hot Springs where P = 60 for the Malibu earthquake (1-1-79 M = 5.0). At
the sites studied in detail only two values of P > 10 were observed and
six values of P > 1 were observed. These are indicated by arrows in figures
3-6 . Epicentral locations are indicated in figure 2.

Results of concentrations ys. time at the ARP well are shown in fiaure 3.
Radon at this site shows a close relationship to rainfell. When it rains,
radon concentrations are low and when it is dry, radon concentrations are
high. This suggests that groundwater is diluted by fresh rainfall, but
analysis of ionic constituents over one of these cycles shows no evidence
of dilution. An alternative explanation is that the concentrations of

jonic species are controlled by processes in & soil zone. Radon concentretions

primarily reflect the history of aquifer waters for the week prior to sample
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collection. 1If the equilibrium concentration of radon is low in a zone where
jonic constituents are acquired and the residence time is long, and if the
equilibrium radon concentration is high in an aquifer zone vhere the
residence time is short and variable, the observed data for this site are
easily explained. High rainfall results in a short aguifer residence time
and low radon cpncentrations. This data suggests that radoﬁ can vary in
response to groundwater flow rates.

The Big Pines site (figure 4) also shows a response to rainfall. At
this site, however, concentrations of jonic constituents decrease in
response to rainfall, but radon shows no change. All ionic constituents
decrease scveral months after the onset of winter rains, and then increase
during dry months. All elements show phase lags relative to rainfall.
Chioride responds most quickly and shows the largest fractional changes,
while magnesium and sodium show longer phase lags and smaller fractional
variations. The phase lag in time is smaller in 1978 when rainfall was
greater than in 1979. These observations suggest that at this site, the
residence time of water in the soil zone, where ionic constituents are
acquired, is short (several months) and variable. Cation concentrations
are buffered by ion exchange processes and chloride is not well buffered.
However, the residence time of water in the flowing aquifer is sufficiently
long during all seasons that no change in radon is observed. This site
was 70 km from the Big Bear earthquake (6-30-79, M = 4.9, P = 3.5). A
small radon anomaly was observed in the sample collected 8 days prior to
the event. Another sample was collected one day prior to this event, but
was delayed for 6 weeks in the mail. This data (not plotted) also suggested
high radon concentrations, but the low levels of radon remaining when the
sample was received and the uncertainties in blanks preclude definite con-

clusions about the radon behavior prior to the event.



Data from the Arrowhead Springs site (figure 5) shows one large
fluctuation in December, 1978. This sample shows concentrations of radon
and ionic constituents which are only 40% of normal. Apparently this
sample was diluted, but how this dilution occurred is not clear. This
site was closer to the Big Bear earthquake (30 km), but no unusual radon
behavior was observed. It should be noted, however, that fhe sampling
interval is 3-4 weeks at this site and short-lived spikes in radon concen-
trations could be missed.

Data from the Seminole Hot Springs site is plotted in figure 6. Eleven
months of radon data prior to the period plotted showed fairly uniform
concentrations, are (+1g) = 10082237. Large fluctuations were observed
after October, 1978. Values ranging from 0.5 to 4 times the average were
observed prior to and following the Malibu earthquake (1-1-79, M = 5.0,

P = 60). Ionic constitutents showed no fluctuations (note expanded scales)
during this period. The high chloride values in early 1978 are probably

due to sulfide interference. This problem was eliminated in later analyses.
The cause of the radon fluctuations is not obvious, although it could be
related to strain accumulation. It is possible that different sources of
water were reaching the surtace, although the constency of ionic constitutents
makes this appear to be an uqlike]y explanation. Fluctuations could be
caused by variations in the transit time to the surface from zones adding
large amounts of radon to these thermal waters. Fluctuations could also

be caused by collecting samples containing variable amounts of gas.
Duplicate samples showing the large increases only agreed within 25%, which
is far above the normal precision. Poreda et al. (1978) have demonstrated
the presence of additional gases associated with high radon concentration in
thermal springs. However, this mechanism is less likely to produce the

lTow concentrations of radon observed, unless samples collected prior to

October 1978 had a very constant fraction of gas phase collected with the



water sample (about 15% by volume) and samples collected from mid-November,
1678 to mid-January, 1279 had almost no gas phase collected. Fluctuations
could also be caused by microfracturing of rocks, producing fluctuations
in the rate of radon emanation from rocks. At present it is not possible
to distinguish which, if any, of these mechanisms caused the radon fluctuations.
The following conclusions may be inferred from our date.
1) Radon concentrations in cold springs can respond to-precipitation,
apparently due to changes in aquifer flow rates. Ionic constituents need
not show any response.
2} Ionic constituents of groundwater may show changes in response to
precipitation, apparently due to changes in the residence time of water
in the soil zone. These chances need not be accompanied by changes in
radon concentrations.
3) Anomaious radon behavior was observed in a thermal spring prior to
and following the Malibu earthquake. No variation in the concentrations
of ionic constituents was observed, suggesting that the mechanism causing
this event is probably not mixing of different groundwaters. Analysis of
seismic activity in proximity to sampling sites indicates that this site

is the one most likely to show anomalous behavior.



ACOUSTIC EMISSIONS - NANOEARTHOUAKES

The high frequency, wide band (20 Hz-15 kHz) recording instruments for
the detection of acoustic emissions which we have developed were deployed
in three deep wells located within seismically active regions. Two sites
are close to the San Andreas fault - the 400 meter Skelton well (uncased
in granite, recently deepened to 1 km) and the 700-meter Del Sur well
(cased in sediment) near Palmdale, California. The third site, a 1.1 km
deep uncased well in granite near Monticello, South Carolina is of particular
interest due to its proximity to a large reservoir believed to be triggering
seismicity from reservoir impounding. The bottom of the Monticello well 1is
tnougnht to be within 1 km to the hypocenter cluster.

Qur acoustic emission recorder is designed to observe and study the nature
of underground acoustic signals within the freguency band 20 Hz to 15 kHz.
The detailed circuit diagrams were given in &n earlier U.S.C. Geophysical
Laboratory Technical Report No. 77-7. Due to the hich frequency band of
interesg, it is impractical to use telephone telemetry for laboratory recording

and an in situ recording mode has been adopted. A simplified block diagram

of the system is shown in Figure 6a. The acoustic signals are picked up by a
broad-band (1 Hz to 100 kHz) hydrophone placed at the bottom of the well.

One stage of preamplifier with 40 db gain is applied to the signal right next
to the sensor so as to avoid spurious signals entering into the system through
the long downhole signal cable connecting the sensor to the surface recording
system. The recording system normally operates in a standby mode. When

signal amplitude exceeds a pre-set level, the event detector triggers and sends
a pulse to start an instrumental-quality tape recorder. A digital delay is
employed to momentarily halt the datz traffic by 500 ms. The tape recorder has
two tracks, one for the delayed acoustic signal and the other for the time code
generated by a calendar clock. The entire recording system is packaged in a

26" x 20" x 16" fiberglass case for field use.’ Four of these acoustic recording



systems have been constructed and placed through numerous laboratory and
field tests.

In all three wells, numerous acoustic emissions were detected with
dominant spectral energy in the band 0.5 to 5 kHz and a peak about 2 kHz.
These events have durations on the order of milliseconds and waveforms
similar to a local earthquake greatly scaled down in size. Their spectra
and waveforms for different events are very similar, except for events
from the cased Del Sur well. The events from the Del Sur well are more
pulse-1ike; they may have been generated by a mechanism different from
the generation of acoustic emissions through microcracking. A mechenism
of casing-wall rock interaction may be involved. Signals from the other
two wells are much more interesting and resemble greatly scaled-down seismic
events. During the recording period, at least 30 events per day were re-
corded in the Skelton well and 500 events per day in the Monticello well.
Due to the single station recordings, we are not yet able to ascertain how
far the acoustic emission sources are from the well-bottom sensor. Efforts
will be made in the future to obtain more information on the source distance
using two or more acoustic sensors.

I1lustrated data were obtained from the Skelton well (May 2-4, 1979)
the Monticello well (May 11-13, 1979), and the Del Sur well (August 2-17, 1978;.
Data from the Del Sur well recorded the M 5.3 Santa Barbara event {August 13,
1978) and its aftershocks plus numerous induced disturbances. Samples cf
the recordings during the Santa Barbara event have been presented in an
eerlier U.S.C. Semi-Annual Technical Report November, 1978, USGS Contract

No. 1£-08-0001-16745.
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Examples of the time traces and respective spectra are shown in figures Al
to A6 for the Skelton, California events, figures A7 to Al2 for the
Monticello, South Carolina eveqts. A 1 kHz low cut filter has been applied
te remove spurious noise. The duration of the waveforms is normally 5 to 10
ms and their amplitude is typically on the order of 10 p bar. The larger
events may be 5 to 10 times longer in duration; however, amplitudes are clipped
which make it difficult to estimate the actual size of these clipped events.
It is seen that the dominant energy peak occurs around 2 kHz and drops off
sharply in the low-frequency end due mostly to the low-cut filter. Toward
the high-frequency end, the spectrum drops off exponentially with an
occasional secondary peak. Little energy exists beyond 6 kHz. Only very
rarely are tnere pulse-like events recorded resulting in a broad spectrum.

One interesting finding is that these acoustic signals have very similar
waveforms and spectra whether they are from the Skelton well of California
or from the Monticello well of South Carolina. These waveforms resemble greatly
scaled-down seismic events. Assuming the validity of downward extrapoiation
of duration time vs. magnitude relationships, these events would have
magritudes in the range -3 to -5; and as such, we cail them nanoearthquakes.
Work is also presently in progress to determine the temporal relationships
between individual events, and their relationships to any nearby microearthquakes -
particularly for the Monticello well.

Continuous deployment of four completed acoustic emissicn recording
units and four additional under construction is awaiting delivery of some

cable with specially constructured terminations.

11.










































ELECTROMAGNETIC EMISSIONS

Instruments have been constructed to detect potential electromagnetic
(EM) emissions from the fracture or straining of quartz-bearing rocks.

In addition to pre-seismic EM emissions, co-seismic emissions if detectable
at reasonable distances from hypocenters can yield precise origin times
for small events thus facilitating their accurate location.

Nitsan (1977) observed that EM energy was radiated during the fracture
of quartz and quartz-bearing rocks in the laboratory, and suggested that
they resulted from the rapid drop in the piezoelectric field accompanying
the sudden release of stress when fracture occurs. Emissions were observed
in the frequency range 1-10 MHz. There is little hope of detecting the
MHZ signals in the field because of their rapid attenuation. We have,
therefore, concentrated on frequencies well below 1 MHZ (bands centered at
100 kHz and 50 kHz), in the hope that faults in quartz-bearing rock will
radiate EM energy most efficiently at wavelengths on the order of twice the
fault length. Receivers which are deployed in deep boreholes minimize
atmospheric RF noise and improve proximity to the source.

Our 100 KHZ RF receiver consists of a single wire antenna (350 foot)
in series with a ferrite core antenna coil having a combined effective
length of %/4. The signal from the antenna is passed throuch two stages of
of tuned, coupled RF amplification. The amplified signal is then rectified
and integrated by an R.C. stage having a decay constant on the order of 0.1
sec. This integrated envelope of the RF signal is then sent to the surface
and recorded on a strip-chart recorder. A block diaagram of the receiver
is given in Figure 7. Circuit diagrams ars given in Figures & and S.
Ferrite antenna, amplifiers, detector, integrator, voltage regulater, and
battery pack are housed in a 2 inch I.D. PVC pipe 81 inches long. The

single wire antenna is attached to the lower end of the package (Figure 10).

12.
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To date, the unit has been deployed in three of our uncased wells
along the San Andreas fault (Haskell, Roberts, and Shandon Hills). In
each hole, the background level was recorded as the instrument was lowered.
The results are shown in Figure 11. We expect surface signals to fall-off

as exp(-z/8) where the skin-depth & is given by

§ = (Z/uwv)]/2 (1)

and p is the magnetic permeability and o is the electrical conductivity.
Tvpical values for rock are p< 1.3x106°°® henry/meter and 10 7<g<10 ! mho/meter
witn o = 1072 typical. At 100 KHZ, these values yield 5m<8< 5 km. with

¢ =16 m. typical. It is interesting that in only the Roberts well did the
backaground decrease as expected. At the other two wells the decrease is

much slower. The interpretation of these results is complicated by the
extremely long antenna (107m) and the presence of a water table. Shandon
Hills is further complicated by side-hill topography.

More interesting results are the observation of transient events during
two recent extended recording sessions. The first was at the Skelton well
near Lancaster. A total of 41 hours of data were recorded between 5:00 p.m.
Wednesday, November 7th and 10:00 a.m. Friday, November 9th as shown in
Figure 12. The 100 KHZ receiver was operated at a gain of 200 at a depth
cf 500 ft. At the beginning of the record, a constant backgrcund is
observed, but at approximately 8:00 p.m. (November 7) a series of transients
are observed. They are irregularly spaced in time varying between 1/hr. and
5/nr. The amplitudes also vary irregularly. These transients continue until
approximately 8:00 p.m. (November 8) when they become less and less frequent,
¢ying out completely by 10:00 p.m. (November 8). No transientc were observed
during the remaining 12 hours of record.

A second set of transients were observed between Januery 22 and

January 25 in the PRoberts well (see Table I and Figure 1).
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FIGURE 12 (Continued)
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The 100 KHZ receiver was operated at a gain of 1000 at a depth of
100 feet. The record is shown in Figure 13. These transients differ
from the previous set in thei} short duration and more frequent occurrence.
As can be seen in Figurel3a, they tend to occur in the early evening and
early morning and are therefore probably cultural.

It may be significant that we have also observed high-frequency
acoustic events at about the same occurrence rate in the same well (Skelton)
as the first set of EM transients (Figure 11). Having developed, packaged,
and field tested the E.M. receiver, a primary objective of the continuing
work is to demonstrate a definite correlation between small seismic events
and electromagnetic transients. At least two of these EM units will be
deployed continuously in non-steel cased holes with acoustic emissions
detectors. Unfortunately these units are not compatible with most other
downhole instruhentation due to the downhole transmission of surface RF

noise by these instrument's cables.

™
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VECTOR MAGNETOMETER EXPERIMENT (Supplement to Deepwell program)

During the past year U.S.C. has been cooperating with U.C.L.A. in a
comparative fest of vector magnetometers for tectonomagnetic studies. We
have been experimenting with a‘gtandard SHE corporation cryogenic magneto-
meter (for magnetotellurics), while U.C.L.A. is developing and testing a
fluxgate. Work is being carried on at the JPL magnetometer‘station in
San Gabriel Canyon northeast of Pasadena. Last year, in a “"shakedown
test" we ran a single 3-axis SHE cryogenic magnetometer in conjunction
with a U.C.L.A. "stand-in" fluxgate. This permitted us to identify the
requirements for a "serious" comparative test.

We discovered that flux-jumping on the cryogenic instrument and the
need for a digital data format necessitated a specially constructed multi-
channel recording interface which was designed by SHE engineers and con-
structed at U.S.C. during the fall of 1979. With completion of this unit
-and the final U.C.L.A. fluxgates a second comparative test was begun about
twé wee%; ago. We have just installed two 3 component cryogenic magnetometers,
together with a bubble tiltmeter, on a marble slab in a 6 foot deep vault
at San Gabriel. The U.C.L.A. magnetometer is about 10 meters away in an
insulated surface vault.

The first comparative data between the two cryogenics for the near-
vertical and one near-horizontal axes are shown in Figures 14 and 15 (Note
respective components are 180° out of phase for display). No comparisons have
yet been made with the U.C.L.A. fluxgate. This test run will continue for
approximately 4 weeks. Figures 14 and 15 indicate the two cryogenics are
tracking well as evidenced by both the similarity in curve slopes and the
stability of the crossing points of the mirror image curves (=2y over 48 hours).
The relative differences in amplitude are attributed to non-parallelism of the
respective X and Z components and a small difference in calibration which has

not yet been factored out. Parallelism of the magnetometers has only been done

15.
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to-date by eye; perfect alignment of the external cases, howeyer, would

only ensure at best a = 1/2° alignment precision per the manufacturers speci-
fications. The #2y yariability at crossing points can be attributed to

small H-field rotations acting on non-parallel axes, and need not be due
magnetometer instabilities. Thus it will be necessary to determine the
stability of the linear dependence of individual components of one magneto=
meter on the components of the other magnetometer. Relationships of this
kind will also be inyestigated between the cryogenics and fluxgate.

WATER LEVEL-TURBIDITY-TEMPERATURE PACKAGE

The sensors for this package have given numerous problems as we have
reported earlier. However, with the acquisition of new pressure transducers
(Paroscientific Digiquartz), an improved photocell design for the turbi-
dimeter, and specially constructed cable termination - high pressure feed-
thrus, the sensors (Figures 16 and 17) are all currently ready for permanent
deployment. Cable delivery is expected during February, 1980; it has been
delayed ™in the fabrication process about five months by the manufacturer
(Rochester Cable).

Our decision to switch from the standard strain gage pressure transducer
to the Digiquartz to achieye long term stability (now better than 1 mm of
H.0 over ~ 1 month) also necessitated the design and construction of a
frequency-to-analog voltage interface for continuous recording.

Field deployment of the level detector, turbidimeter and thermal

sensors at the earliest data has been given top priority.
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